Entamoeba histolytica, the etiological agent of amoebic dysentery and amoebic liver abscesses (ALA), causes 100,000 deaths annually (46) . Chemotherapy is currently available; however, there remains a critical need for the development of alternate approaches to control disease caused by this organism. Vaccination is a possible solution, as epidemiological studies suggest the occurrence of acquired protective immunity to E. histolytica infections (19, 20) . In contrast to other protozoan parasites with complex life cycles, E. histolytica cycles only between cyst and mobile-trophozoite stages, and humans are the only relevant hosts. These features of the parasite and the supporting epidemiological data make vaccine development an attractive therapeutic addition to chemotherapy.
One of the leading candidates for an antiamoebic vaccine is galactose/N-acetyl-D-galactosamine-inhibitable lectin (Gal-lectin). Gal-lectin is a 260-kDa heterodimer surface glycoprotein which consists of heavy and light subunits linked by disulfide bonds (36, 37) . The heavy subunit contains a cysteine-rich carbohydrate recognition domain, and monoclonal antibodies (Abs) directed against this region can inhibit amoebic adherence to target cells. Gal-lectin plays an important role in adherence to colonic mucins for colonization (9) and for contactdependent killing of cells and resistance to complement attack.
Apart from its biological importance, Gal-lectin is an immunodominant and immunogenic molecule. Gal-lectin induces the production of Th1 cytokines in vitro and in vivo, and cell-mediated immunity is important in controlling the formation of ALA in animal models. In vitro stimulation of macrophages with Gal-lectin induces the production of tumor necrosis factor alpha (TNF-␣) (41) , and splenocytes from ALA patients stimulated with Gal-lectin produce large amounts of interleukin-12 (IL-12) and gamma interferon (IFN-␥) (39) . Several trials of vaccine in mice and gerbils using Gal-lectin have shown the induction of protective immunity against ALA challenge (34, 40, 43, 47) . In these trials, like most vaccine research with animals, the Gal-lectin was administered with Freund's adjuvant. An alternative to Freund's adjuvant is cytosine guanine oligodeoxynucleotide (CpG-ODN), which can induce strong immune responses without the toxicity of conventional adjuvants.
Unmethylated CpG motifs are present in bacterial DNA and are recognized by the innate mammalian immune system via Toll-like receptor 9 (11) . This triggers an immune reaction characterized by Th1 cytokine expression and activation of immune cells, specifically dendritic cells and B cells (3, 5, 14, 26) . This activation is nonspecific but can be used to enhance immune responses to specific antigens. CpG-ODNs are Tolllike receptor 9 agonists, which are designed to mimic immunostimulatory sequences found in pathogens. These synthetic CpG motifs have been used as adjuvants in many systems either to enhance the immunogenicity of a vaccine or to skew the immune response from Th2 to Th1. In vaccine trials against stopped with 50 l 2 M H 2 SO 4 and absorbance read at 450 nm in a Microplate Autoreader (Mandel Scientific Company Ltd./Bio-tek Instruments).
Adherence assay. The ability of serum Abs to inhibit amoebic adherence to target cells was determined by a previously described adherence assay (29) . Briefly, log-phase E. histolytica trophozoites were washed in M199 (Gibco) supplemented with 5.7 mM cysteine, 0.5% bovine serum albumin, and 25 mM HEPES (pH 6.8). Amoebae (10 5 /ml) resuspended in M199 were preincubated for 1 h at 4°C with a 1:100 serum dilution from gerbils receiving CpG only and gerbils receiving CpG and Gal-lectin or GpC and Gal-lectin and human ALA patient serum as positive control. During the preincubation, Chinese hamster ovary (CHO) cells grown in Ham's F-12 medium (Gibco) supplemented with 24 mM HEPES, 10% fetal bovine serum, 100 U/ml penicillin, and 100 g/ml streptomycin were trypsinized and resuspended at a cell density of 2.0 ϫ 10 5 /ml. Amoebae (10 5 ) were mixed with 1 ml of CHO cell suspension and centrifuged at 900 ϫ g for 5 min. The pellets were incubated at 4°C for 2 h undisturbed. Seventy-five percent of the supernatant was decanted, and the pellets were resuspended by gentle vortexing. Amoebic adherence was determined by light microscopy by counting the amoebae with three or more CHO cells attached (positive rosette) out of 100 random amoebae.
Immunofluorescence. Log-phase amoebae were washed and resuspended in M199 (supplemented as above) at 1.0 ϫ 10 6 amoebae/ml. Parasites were incubated for 1 h on ice with the following: M199 alone, 1G7 monoclonal Ab (1:50), or prechallenge serum from vaccinated (CpG plus Gal-lectin) and control (CpG or GpC plus Gal-lectin) gerbils (1:100). Amoebae were washed three times in fresh M199 at 150 ϫ g and incubated with either rabbit anti-rat IgG fluorescein isothiocyanate (FITC)-conjugated Ab (Sigma) or goat anti-mouse IgG FITCconjugated Ab (1:200) for 1 h on ice. After thorough washing, the amoebae were pelleted at 150 ϫ g and mounted onto glass slides with Vectashield mounting medium. Slides were kept at 4°C until analysis through a Nikon Eclipse800 epifluorescence stereomicroscope. Images were collected with a 40ϫ oil immersion lens.
Lymphoproliferation assay. Single-cell suspensions were prepared from the immunized and control gerbil spleens by grinding the organs through a 40-m cell strainer (Falcon) in RPMI 1640 (Gibco) supplemented with 10 mM HEPES, 50 M 2-mercaptoethanol, 2 mM glutamine, 5% fetal bovine serum, and 5 mg/ml penicillin-streptomycin sulfate. Red blood cells were lysed in red blood cell lysing buffer (Sigma), and the remaining cells were suspended at 2.5 ϫ 10 6 cells/ml in complete RPMI 1640. One hundred microliters of cell suspension was added to each well of a 96-well culture plate (Falcon), and an equal volume of stimulus was added to the wells in triplicate. Stimuli for this experiment included complete RPMI 1640 (no stimulus), Gal-lectin (10 g/ml), soluble amoebic proteins (SAP; 50 g/ml), or concanavalin A (ConA; 2.5 g/ml). Cells were incubated at 37°C in a humidified 5% CO 2 atmosphere for 60 to 72 h, and 1 Ci [methyl-3 H]thymidine (Amersham) was added to each well in 25 l of RPMI 1640 for the last 18 h. Labeled cells were harvested onto glass fiber filters using an automated cell harvester (Filtermate harvester; Perkin-Elmer), and incorporated radioactivity was measured by scintillation counting (Trilux Counter LKB; Wallac, Pharmacia). Lymphoproliferation responses are expressed as stimulation indices: the ratio of cpm counts of cells receiving antigen to the cpm counts of cells without antigen.
Real-time PCR. Total RNA was isolated (RNeasy minikit; QIAGEN) from gerbil spleens or mesenteric lymph nodes (MLNs). During RNA purification, samples were treated with DNase (QIAGEN) to remove residual genomic DNA contamination. Total RNA (2.5 g) from each sample was reverse transcribed with the Omniscript reverse transcription kit (QIAGEN) using random hexamer primers. The resulting cDNA was subsequently diluted 1:100 and used for realtime PCR with the Rotor-Gene 3000 system (Corbett Research). Amplification of cytokine cDNA was carried out with gerbil-specific primers and Taqman probes generated by Applied Biosystems, as listed in Table 1 . All amplifications were carried out with PE Biosystems Universal PCR Master Mix and the following cycling parameters: 50°C for 2 min, 95°C for 10 min, and then 55 cycles of 95°C for 15 s and 60°C for 60 s. Quantitative analysis was conducted by the comparative cycle threshold method normalized to 18S rRNA as an internal control (4) . Cytokine expression levels are represented as increases in expression over expression levels for naive gerbils receiving no treatment. All quantitative PCR analyses were carried out in triplicate.
Statistical method. All animal experiments were repeated at least twice with similar results. Results are expressed as means Ϯ standard errors of the means (SEM) of triplicate experiments. Data were analyzed using one-way analysis of variance or paired-sample t tests. Significance was set at a P value of Ͻ0.05 for all tests.
RESULTS

CpG-ODN increases Gal-lectin-specific serum Ab levels.
Since CpG-ODN 2006 is known to have a direct effect on B cells, the level of Gal-lectin-specific serum Abs was determined. Prechallenge serum from gerbils immunized with CpG only had no detectable levels of Gal-lectin Abs, while both groups receiving Gal-lectin in the vaccine had detectable Abs as seen in an immunoblot against the native protein (Fig. 1A) . CpG-ODN significantly enhanced the Ab response to Gallectin compared to the GpC-ODN control. In a total-serum IgG ELISA, gerbils vaccinated with CpG plus Gal-lectin had higher Gal-lectin-specific Ab titers (P ϭ 0.004) than gerbils receiving control GpC plus Gal-lectin (Fig. 1B) . Ab levels in the CpG-plus-Gal-lectin group were high and titrated out at a 1:200,000 dilution. These Gal-lectin-specific Ab levels remained high in the groups receiving Gal-lectin even after challenge infection, whereas the Ab levels in the CpG control group showed an increase at 2 days postinfection (p.i.) and then a marked decrease at 5 days p.i., followed by a slow increase in Ab titers with time ( Fig. 1C) . In an in vitro model of the disease, serum from ALA in humans or monoclonal Abs against Gal-lectin inhibited amoebic adherence. To determine if the prechallenge anti-Gal-lectin Abs were capable of blocking amoebic adherence to target cells, we performed a CHO cell adherence assay with all sera at 1:100 dilution. As shown in Fig. 2A , immunization with CpG plus Gal-lectin inhibited amoebic adherence by 92% Ϯ 3%, which was comparable to the inhibition seen with serum derived from patients with ALA. While CpG controls did not significantly inhibit adherence, the GpC-plus-Gal-lectin group inhibited amoebic adherence by 64%.
As predicted by the adherence assay, we found that CpGplus-Gal-lectin immunization generated immune sera which had higher titers of adherence-inhibiting and surface binding antibodies than GpC-plus-Gal-lectin immunization (Fig. 2B ). Immunofluorescence analysis using prechallenge immune or control gerbil serum revealed that the combination of CpG-ODN with Gal-lectin, and not either component alone, resulted in strong positive Ab binding to the Gal-lectin on the trophozoite surface. The amoebae alone and CpG-only sera had no detectable fluorescence signal. The group receiving GpC plus Gallectin had weak fluorescence, whereas the CpG-plus-Gal-lectin sera had strong fluorescence comparable to that of the positive-control monoclonal Ab 1G7. 1,000) against purified Gal-lectin. Gal-lectin-specific serum IgG levels from immunized gerbils recognize the 170-kDa band. Data shown are representative of three independent experiments. (B) Gal-lectin-specific serum IgG levels from immunized gerbils (n ϭ 10 per group). ELISAs were performed on prechallenge serum at a starting dilution of 1:100. Points represent total IgG titers Ϯ SEM of data from four experiments. An asterisk indicates a significant difference between groups at the starting dilution. OD, optical density. (C) ELISA OD results from gerbil serum IgG (1:100) collected on days 2, 5, 10, and 15 postchallenge (n ϭ 3 per group per time point) and treated as above. There was a significant difference in day 2 Ab titers within the CpG group compared to prechallenge titers (P Ͻ 0.05). CpG-ODN increases Gal-lectin-specific cellular responses. To determine if vaccination with CpG plus Gal-lectin could increase Gal-lectin-specific cellular responses, we measured spleen cell proliferation upon stimulation with the native antigen and SAP. As expected, gerbils vaccinated with CpG plus Gal-lectin demonstrated strong proliferation in response to both the native Gal-lectin and SAP (Fig. 3) . This proliferation was significantly stronger (P ϭ 0.03) than that in gerbils receiving GpC plus lectin; however, this last group still responded to the Gal-lectin to a greater degree than the group receiving control CpG alone. All groups exhibited strong proliferation in response to the T-cell mitogen ConA, demonstrating comparable levels of T-cell viability. The higher proliferative response observed with SAP was probably a result of the higher concentration of Gal-lectin in the preparation compared to the known amount plated in the Gal-lectin wells. This experiment indicates that CpG-ODN can augment Gal-lectinspecific cellular immune responses in vitro.
CpG-ODN adjuvant increases the protective effects of Gallectin. In this vaccination study our strategy was to use immunostimulatory CpG-ODN or control GpC-ODN as adjuvant with a known protective antigen, the E. histolytica Gal-lectin. One week after the last immunization, gerbils were anesthetized and intrahepatically challenged with 10 6 E. histolytica trophozoites, and animals were sacrificed at days 2, 5, 15, or 20 p.i. As shown in Table 2 , CpG-plus-Gal-lectin treatment protected (100%) gerbils from ALA formation, as determined by necropsy at day 20 p.i. Gal-lectin with GpC-ODN had a vaccine efficacy of 50%, whereas 85% of CpG-treated gerbils developed ALA. Amoebic liver abscess was detectable in all groups as early as 2 days p.i. At this early time point the ALAs were already smaller in the CpG-plus-Gal-lectin group compared to controls. Figure 4A demonstrates the progressive development of ALA at various times after challenge infection. As shown, gerbils receiving CpG plus Gal-lectin were able to clear the infection as early as 5 days p.i. This clearance continued until the abscesses were no longer detected or, if they were detected, there were no viable trophozoites. In contrast, the CpGtreated group developed larger abscesses with time while the group treated with GpC plus Gal-lectin demonstrated a slight Amoebae were incubated with immune or control gerbil sera (1:100), monoclonal Ab (mAb) 1G7, or secondary FITC-conjugated Ab only (negative control). Images were collected at 40ϫ oil immersion.
FIG. 3. Lymphoproliferation of gerbil splenocytes in response to
Gal-lectin stimulation. Immunized or control gerbil spleens (n ϭ 11 per group) were collected prior to challenge infection, and cells were restimulated in vitro for 72 h with either ConA (2.5 g), Gal-lectin (10 g), or 50 g of SAP. Proliferation is represented as a stimulation index (cpm of cells with antigen/cpm of cells without antigen). A stimulation index above 2.5 is considered significant, as indicated by an asterisk.
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CpG-ODN INCREASES PROTECTIVE IMMUNITY OF Gal-LECTIN 531 decrease in ALA size over time (Fig. 4A) . Intrahepatic challenge of trophozoites into gerbils treated with CpG resulted in the formation of very large abscesses, sometimes reaching 13 g (Fig. 4B) . ALA size relative to total liver weight in this CpG control group was significantly larger (60% versus 20%; P ϭ 0.04) than that observed in PBS-treated controls (data not shown). The abscesses in this group were also larger than those excised from the GpC-plus-Gal-lectin group, indicating a CpG effect rather than an ODN effect. Protection against ALA is associated with increased production of Th1 cytokine mRNA. To analyze the spleen and MLN cytokine profile at different times postinfection, real-time Taqman PCR analysis was performed. Cytokine mRNA levels were quantified from necropsied gerbils and compared to mRNA levels from naive untreated, uninfected gerbils. Prechallenge (day 1) spleen samples from the CpG-plus-Gal-lectin group showed elevated levels of IFN-␥ (4,500-fold), whereas the CpG control group showed elevated levels (724-fold) of IL-12p40 (Fig. 5A) . The GpC-plus-Gal-lectin-treated group did not express elevated levels of any cytokine examined compared to the other groups at the prechallenge time point. At 2 days p.i., mRNA levels for all Th1 cytokines (IFN-␥, IL-12p40, and IL-2) were low in all groups. However, at this early time point, protected gerbils still had significantly higher levels of IFN-␥, IL-12p40, and IL-2: 295-, 32-, and 2.1-fold increases, respectively (P ϭ 0.005). The CpG-treated group showed a 9,000-fold increase in IL-4 mRNA at day 2 postchallenge. The level of IL-4 in CpG-treated gerbils remained elevated during the course of the infection, while the level of IL-2 markedly decreased (Ϫ300-fold; P ϭ 0.0014). MLN samples from the CpG-plus-Gal-lectin-treated gerbils also showed increases in Th1 cytokine mRNA compared to controls; however the expression levels and kinetics were different (Fig. 5B) . In the CpG-treated gerbils, the MLN samples again showed the highest increase in IL-4 mRNA, but also an increase in IL-2 mRNA, at day 2 postchallenge. However, this IL-2 expression decreased throughout the course of the infection while IL-4 levels remained elevated. The GpC-plus-Gal-lectin control, unlike the CpG-plus-Gal-lectin group, did not express high IFN-␥ cytokine mRNA levels either in the spleen or MLNs. Comparing abscessed and nonabscessed gerbils within an experimental group at day 20 demonstrated that IL-4 was more elevated in abscessed animals within each group compared to protected gerbils (32-fold increase; data not shown). At this time point IFN-␥ was also more elevated in abscessed gerbils (10-fold increase), as they had an active infection (data not shown).
DISCUSSION
Effective vaccine therapy requires the identification of a protective antigen and a potent vaccine adjuvant. For several reasons, the E. histolytica Gal-lectin is an attractive vaccine candidate as it is not only an important molecule involved in parasite colonization and invasion but also an immunodominant antigen recognized by sera from amoebiasis patients throughout the world (35) . CpG-ODN is a novel adjuvant which has been shown to activate innate immune cells and enhance the vaccine efficacy of protective antigens (1, 25) . In this study, we have shown that CpG-ODN adjuvant with native Gal-lectin enhances IFN-␥ production and protects gerbils from ALA. The enhanced effect can be attributed to the combination of the protective antigen and this potent Th1 adjuvant, as controls with either component alone did not show comparable levels of protection.
The enhanced immune responses to the Gal-lectin with CpG-ODN adjuvant were characterized by increased IgG Ab CpG 6/8 9/9 9/11 ϩ ND GpC ϩ Gal-lectin 4/6 4/10 5/11 ϩ 50 CpG ϩ Gal-lectin 0/11 0/11 0/11 Ϫ 100* a ALA contents were aspirated and viable trophozoites determined by cultured in vitro. ϩ, viable parasites present; Ϫ, viable parasites absent.
b All gerbils were sacrificed at day 20 postinfection to determine vaccine efficacy. ND, not determined. An asterisk indicates a significant difference between groups (P Ͻ 0.05). production, T-cell proliferation, and, more importantly, production of Th1 cytokines. As a component of our vaccination studies, we examined prechallenge Ab titers and their ability to inhibit amoebic functions mediated by Gal-lectin. We used an in vitro adherence assay to determine the blocking effects of serum Abs. This assay revealed the ability of CpG-plus-Gallectin immunization to increase the production of Abs capable of blocking the carbohydrate recognition domain on the Gal-FIG. 5. Taqman real-time PCR analysis of spleen (A) and mesenteric lymph node (B) cytokine gene expression (n ϭ 3 per group per time point). Gene expression was normalized to 18S rRNA and represented as the increase over normal nontreated gerbil mRNA. There was substantially higher IFN-␥ levels in the protected gerbils 2 days after challenge infection, whereas IL-4 was more prevalent in CpG control gerbils at this time point. An asterisk represents a significantly higher increase in the CpG-plus-Gal-lectin group compared to other groups (P Ͻ 0.05). Data represent means Ϯ SEM of results from three independent PCRs.
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CpG-ODN INCREASES PROTECTIVE IMMUNITY OF Gal-LECTIN 533 lectin molecule, required for amoebic adherence to Gal/GalNAc residues on mucins or target cells. The immunofluorescence images confirmed the observed adherence inhibition, revealing serum Abs strongly binding the Gal-lectin on the surface of the parasite only in the group receiving adjuvant and amoebic antigen. Although Abs could clearly play a role in preventing amoebic adherence for colonization or cell killing, it is apparent that other immune mechanisms are involved in protection against disease. In fact, postchallenge Ab titers were not significantly different between both groups that had received Gallectin, yet the two groups were not equally protected. The highest level of protection was demonstrated in the CpG-plusGal-lectin group, which had significantly higher IL-12, IL-2, and IFN-␥ mRNA levels 2 days postchallenge than control groups. The elevated levels of IFN-␥ mRNA detected in the protected group, both prechallenge and at day 2, demonstrate the importance of this cytokine in parasite clearance. The results from gerbils sacrificed at day 20 demonstrated that IL-4 and IFN-␥ were more elevated in abscessed animals within each group compared to protected gerbils (data not shown).
We did not measure abscessed versus nonabscessed mRNA at day 2 postinfection, which would have determined the protective effects of IFN-␥ within groups. Therefore we correlate IFN-␥ with protection between groups at this point and not within groups. In a previous study with the SCID mouse model of amoebiasis, where the IFN-␥ receptor gene was disrupted, mice had greater susceptibility to ALA formation than control SCID mice and developed significantly larger abscesses (42) . IFN-␥-primed macrophages readily kill trophozoites in vitro (16) , and cell-mediated immune responses have been observed in patients with ALA. In fact, humans with ALA demonstrate amoebicidal IFN-␥ production (39); however, correlations of cell-mediated responses with immunity in humans are limited. It has been demonstrated in vitro that Gal-lectin activates IFN-␥-primed macrophages for amoebicidal activity via nitric oxide (41) . This report indicates that CpG-ODN in combination with Gal-lectin safely confers protection mediated by IFN-␥, which is consistent with previous studies. The kinetics of cytokine induction in the abscessed gerbils was marked by elevated levels of IL-4, which down-regulate the protective Th1 effects on macrophages. This reduction in macrophage activation could lead to increased parasite numbers and disease progression. The CpG control group also showed greatly reduced IL-2 mRNA levels at days 15 to 20 postinfection, considered the peak infection period in the gerbil model. This corresponds to previous reports that E. histolytica-infected gerbil serum induces a transient T-cell suppression by inhibiting IL-2 production (6). Furthermore, CpG-treated gerbils developed larger abscesses than those excised from PBS-treated or GpC-plus-Gal-lectin treated gerbils (data not shown). This exacerbation of ALA could be due in part to the innate ability of CpG-ODN to activate innate immune cells and induce cytokine secretion, which could recruit immune cells, which the amoebae subsequently kill. Furthermore, in the absence of a Gal-lectin-specific immune response, the amoebae are able to proliferate and ALA formation goes uncontrolled. Although a previous report indicated that CpG-ODN administration can protect against bacterial challenge infections (e.g., reference 15), this adjuvant alone could not protect gerbils from ALA and in fact led to disease exacerbation. Unmethylated CpG DNA, which is present in bacterial and viral genomes, is recognized by innate immune cells via Toll-like receptor 9. There have been reports that CpG-ODN administration alone can protect mice from subsequent lethal challenge with bacteria sharing similar unmethylated CpG DNA patterns (17, 24, 27) . This is because the immune system recognizes these CpG motifs as foreign DNA and initiates innate responses. CpG suppression is common in vertebrate genomes; however, E. histolytica is a protozoan parasite with a significant underrepresentation of CpG in its genome compared to other protists (23) . In fact an E. histolytica 5-cytosine DNA methyltransferase has been identified, and inhibition of its activity has been shown to impair parasite virulence in vivo (18) . Therefore administration of CpG-ODN alone could not confer protection, as it does not sensitize the host to E. histolytica DNA. This underlines the importance of the Gal-lectin as a protective antigen in directing the proper T helper response to combat this parasitic attack.
Previous vaccination studies with Gal-lectin have used Freund's adjuvant (complete or incomplete) and shown high protection levels characterized by cell-mediated responses against the parasite (34, 40) . Freund's adjuvant cannot be used in humans due to its toxicity (45) , and therefore it is important to devise alternative vaccine formulations for potential use in humans. Several groups have tested CpG-ODN as a vaccine adjuvant against parasitic infections, such as leishmaniasis, and have shown promising results in animal models (7, 12, 22) . The degree of protection depends on the immunogenicity of the selected vaccine antigen, but all trials demonstrated the induction of Th1 responses. Currently in clinical trials is CpG 7909 ("Promune") as a vaccine adjuvant (10). These ODNs have been shown to be safe in humans even at high doses, although adjuvant properties are observed at g/kg doses (28) . In the present study we tested the ability of an adjuvant which could be administered to humans to augment the protective effects of an immunogenic E. histolytica protein. We have demonstrated that CpG-ODN can enhance the protective immune responses to Gal-lectin and prevent ALA formation in the gerbil model. The major drawback in amoebiasis research is the lack of an adequate animal model for the disease. No animal has been able to reproduce the typical lesions of intestinal amoebiasis. The Mongolian gerbil is the best model thus far, as it can be used to mimic both intestinal and hepatic amoebiasis (8) . E. histolytica is an intestinal parasite, and the development of a mucosal vaccine could preclude parasite colonization and invasion. Protection against parasite colonization in humans has been correlated with mucosal antilectin IgA antibodies (19) . Other groups have successfully developed mucosal Gal-lectin vaccines using cholera toxin B adjuvant or attenuated Salmonella strains for antigen delivery in the mouse model of intestinal amoebiasis (21, 30, 31) . CpG-ODN has also proven to be effective as a mucosal vaccine adjuvant, increasing both systemic and mucosal responses to the selected antigens (2, 32, 33) . On the basis of these results, it would be possible to design a Gal-lectin mucosal vaccine using CpG-ODN as adjuvant to induce both mucosal and systemic Th1 responses capable to blocking parasite colonization, thus preventing intestinal amoebiasis in mice. Development of a vaccine using recombinant portions of Gal-lectin and CpG-ODN could augment the efficacy of protective regions on the Gal-lectin. This would be more practical since it would not require the purified antigen from parasite cultures. Future work should test the mucosal vaccine efficacy of CpG-ODN with Gal-lectin, providing insight on the possibility of this agent as a choice for human adjuvant in an amoebiasis vaccine. 
